###### Strengths and limitations of this study

-   This will be the first randomised controlled trial to study the function and quality-of-life of patients undergoing arthroscopic biceps tenotomy with or without an additional cuff repair.

-   The study is carefully designed including adequate sample size, permuted block randomisation stratified for centre, blinded analyses and prospective trial registration to reduce selection and confounding bias.

-   Due to the obvious differences in postoperative rehabilitation protocols, patients, surgeons and researchers will not be blinded for treatment.

Introduction {#s1}
============

Rotator cuff pathology is a common condition which prevalence increases with age.[@R1] The aetiology, incidence and the clinical significance of fatty degeneration of the rotator cuff muscles are still relatively unknown due to the lack of reliable measurements. Tendon quality can be assessed on MRI by the level of fatty infiltration, atrophy and retraction. In most studies the rotator cuff tear is defined irreparable if fatty infiltration ≥stage 3 Goutallier,[@R4] the tendon is retracted to the height of the glenoid (Thomazeau stage 3--4, on the coronal plane[@R5]) and the acromio-humeral interval (AHI) is less than 7 mm.[@R6] Furthermore, the severity of cuff arthropathy and the motivation to comply with the intensive rehabilitation programme after arthroscopic cuff repair (ACR) determines whether a cuff repair or other surgical treatment such as arthroplasty or superior capsular reconstruction is indicated.[@R5]

Among several identified negative prognostic factors for healing, fatty infiltration is frequently described as a predictor for healing of the rotator cuff. Healing implies anatomic integrity on the footprint after full recovery from surgery. Several clinical studies described the functional and radiographic outcome after ACR for the level of fatty infiltration.[@R4] Fatty infiltration stages 0--1 Goutallier (0%--25% fatty infiltration) have good to excellent clinical outcomes. Among patients with fatty infiltration stage 4 Goutallier (\>75% fatty infiltration) the clinical outcome after ACR is poor with high failure rates and minor functional improvement.[@R10] Within the remaining group, fatty infiltration stage 2--3 Goutallier, it is still under discussion whether cuff repair is indicated, mainly caused by the high re-tear rate. However, despite this high re-tear rate, patients seem to improve significantly with only minor functional difference compared with healed repairs.[@R11]

The biceps tendon is often involved in the presence of cuff arthropathy, especially in shoulders with stage 2--4 Goutallier.[@R18] Therefore, in this patient group, biceps tenotomy or tenodesis could be considered as an alternative treatment instead of a cuff repair. Results of isolated tenotomy or tenodesis are comparable to the long-term results of cuff repair in this specific patient group.[@R6] In addition, patients with a rotator cuff tear and good quality tendons for which an ACR and additional biceps tenotomy or tenodesis was performed also show comparable results.[@R11] Furthermore, there are several cases described in which a spontaneous ruptured long head of the biceps tendon (LHBT) from its insertion, in shoulders with a conservatively treated rotator cuff tear, has led to a significantly relieve of pain and improvements on function.[@R24] These observations raise questions on the value of performing the more extensive and therefore expensive cuff repairs in degenerative cuff tears.

Rehabilitation after an isolated tenotomy is much less cumbersome compared with rehabilitation after rotator cuff repair. Patients undergoing an isolated biceps tenotomy might be able to resume work and daily activities much faster after surgery as their shoulders are directly functional without any restrictions. The patients who undergo a rotator cuff repair will be immobilised for 6 weeks in an anti-rotation sling and will need an additional 3--6 months for functional recovery, which will lead to more productivity losses. Therefore, the goal of this non-inferiority trial is to study the short-term function and quality-of-life in patients not responding to conservative therapy undergoing arthroscopic biceps tenotomy with or without an additional cuff repair and to include an economic evaluation.

We hypothesise that patients who undergo an isolated tenotomy of the LHBT in the presence of a degenerative rotator cuff tear, stage 2--3 Goutallier fatty infiltration, will have non-inferior functional results and quality-of-life 3, 6 and 12 months after surgery as compared with patients undergoing tenotomy combined with a rotator cuff repair. At 1 year after surgery we assume reduced costs with isolated tenotomy treatment.

Methods and analysis {#s2}
====================

Study design {#s2-1}
------------

This study is a multicentre randomised controlled non-inferiority trial, including an economic evaluation. Prior to the start of inclusion, the trial was registered at the Dutch Trial Registry.

Setting {#s2-2}
-------

Patients are recruited at the orthopaedic outpatient clinics of the participating medical centres. Recruitment started in six Dutch hospitals. To ensure recruitment, additional hospitals will be added to the trial. Eligible participants are randomised into two equal groups receiving either arthroscopic biceps tenotomy with an additional cuff repair or arthroscopic biceps tenotomy without an additional cuff repair at the hospital of inclusion. The first patient was included on 22 October 2018. It is estimated that the inclusion period will be 3 years. Taken into account the 5 years follow-up period, the total study duration will be 8 years.

Study population {#s2-3}
----------------

Patients ≥60 years of age with MRI-confirmed symptomatic, stage 2--3 Goutallier fatty infiltration(FI) rotator cuff tears will be recruited. Other inclusion criteria are:

Preoperative inclusion criteria:

-   History of shoulder complaints \>6 months suggestive for a degenerative rotator cuff with or without non-significant preceding trauma.

-   Cuff lesion, involving the supraspinatus and or infraspinatus tendon, with at least one of the involved tendons having stage 2--3 Goutallier fatty infiltration.

-   Not responding to conservative treatment (eg, physiotherapy, corticosteroid injection).

-   Willing and able to comply with the study protocol.

-   Sufficient understanding of the Dutch language.

Perioperative inclusion criteria:

-   Perioperative pathologic involvement of the LHBT including: (minor signs of) degeneration, or signs of inflammation, or instability (subluxation or dislocation), or partial tears or lesions of the superior labrum anterior and posterior (SLAP).

Patients will be excluded if one or more of the following exclusion criteria are met:

Preoperative exclusion criteria:

-   Cuff arthropathy according Hamada classification ≥grade 3.[@R9]

-   Pseudoparalysis (active elevation limited to 45°).

-   Full subscapularis tendon tear (delamination or partial avulsion accepted).

-   Injury of the teres minor tendon.

-   Mainly complaints from an osteoarthritis acromioclavicular joint and less from a subacromial origin, determined clinically or by subacromial/acromioclavicular infiltration.

-   Shoulder instability for which labral repair is indicated.

-   Irreparable rotator cuff tear, based on MRI (fatty infiltration Goutallier stage 4, retraction on the coronal plane to the level of the glenoid, severe atrophy).

-   Unsuccessful surgery in the affected shoulder in history or surgery in the affected shoulder \<1 year ago.

-   Ipsilateral neurological pathology possibly affecting functional outcome.

-   Full tear of the biceps tendon.

-   Frozen shoulder.

-   Cervical spine pathology affecting the functional outcome.

-   Body Mass Index (BMI)\>35 kg/m².

-   Time between surgery and MRI \>6 months.

-   Fracture of the humeral head involved in the cuff tear.

Perioperative exclusion criteria:

-   Perioperative fully healthy macroscopic aspect of the LHBT.

-   Irreparable rotator cuff tear, based on perioperative findings.

Recruitment and consent {#s2-4}
-----------------------

At the initial presentation, when it is suspected that the patient might be eligible, the patient will be verbally informed about the study and will receive the study-specific information letter. As part of standard care, not as part of this study, an MRI will be conducted to confirm the diagnosis of a rotator cuff tear and for establishing a treatment plan. During the second visit (approximately 2 weeks later), when the results of the MRI are discussed, it will be established whether the patient is actually eligible. If eligible, the study protocol is explained in detail and informed consent is signed if patient is willing to participate. Participants are given a copy of the informed consent form and are informed that they can withdraw at any time during the study.

Randomisation and blinding {#s2-5}
--------------------------

Randomisation is performed in a 1:1 ratio by a computerised software programme (REDCap)[@R25] using random permuted blocks with block size 8, stratified for centre. After informed consent is signed, patients will be entered in the online randomisation programme by the orthopaedic surgeon or study coordinator and are assigned to either arthroscopic biceps tenotomy with or without an additional cuff repair. Due to the obvious differences in postoperative rehabilitation protocols, patients, surgeons and researchers will not be blinded for treatment. Statistical analysis will be performed blinded.

Treatment groups {#s2-6}
----------------

The procedures are only performed by orthopaedic surgeons experienced in arthroscopic rotator cuff surgery. Surgical techniques, such as patient positioning, portal placement and the use of assistive instruments such as knives, forceps, shavers, radiofrequency-probe and technique used for repair will be done or used according to the standard protocol at the site. During arthroscopy some of the degenerative tissue will be collected which would otherwise be removed during debridement. This includes tissue from the supraspinatus muscle, footprint and 2--3 cm of the insertion from the LHBT on the glenoid. The obtained tissue will be stained in paraffin and used for future research. The use of preoperative antibiotics and postoperative rehabilitation protocols will be standardised. The rehabilitation protocol consists of immobilisation using an anti-rotation sling directly after surgery and patients were instructed to start with pendulum exercises. From the first week after surgery, patients started physiotherapy with restricted passive range of motion up to 70° of abduction, 70° of forward elevation and 20° of external rotation in the scapular plane. From 6 weeks, the immobilisation was phased out and (guided) active motion exercises were started. From 3 months on, active motion exercises above the shoulder level were allowed. The use of analgesics is allowed during the study. Patients will be asked for the use of analgesics during the study.

### Group 1: biceps tenotomy with cuff repair {#s2-6-1}

A biceps tenotomy with an additional cuff repair is performed. After surgery patients will be immobilised for 6 weeks in an anti-rotation sling. Two weeks after surgery the patients will visit the outpatient department for wound inspection and removal of stitches. After 6 and 12 weeks they will be checked on function and persistence of symptoms. Patients will be referred to a physiotherapist immediately after discharge of the hospital to assist in the passive mobilisation of the shoulder during the first 6 weeks, and the active mobilisation after 6 weeks.

### Group 2: biceps tenotomy without cuff repair {#s2-6-2}

An isolated biceps tenotomy is performed. After surgery shoulders are directly functional without any restrictions. A simple sling can be given to support the arm during the recovery period from surgery.

Study outcomes {#s2-7}
--------------

The study outcomes at the different follow-up moments are shown in [table 1](#T1){ref-type="table"}.

###### 

Evaluation schedule

                                                 Baseline   6 weeks   12 weeks   6 months   1 year   2 years   5 years
  ---------------------------------------------- ---------- --------- ---------- ---------- -------- --------- ---------
  WORC                                           X          X         X          X          X        X         X
  Pain score                                     X          X         X          X          X        X         X
  Constant-Murley score                          X                    X          X          X                   
  Passive glenohumeral motion                    X                    X          X          X                   
  Subjective shoulder value (SSV)                X          X         X          X          X        X         X
  EQ-5D-5L                                       X          X         X          X          X        X         X
  Hospital Anxiety and Depression Scale (HADS)   X                                          X                   
  Pain Catastrophyzing Scale (PCS)               X                                          X                   
  MRI                                            X                                                              
  Ultrasound                                                                     X                              
  Radiograph                                     X                                                              
  Expectations/level of satisfactory             X                    X          X          X        X         X
  Cost effectiveness                                                                        X                   

EQ-5D-5L, EuroQol 5 Dimension 5 Level; WORC, Western Ontario Rotator Cuff.

### Primary outcome {#s2-7-1}

The primary outcome is quality-of-life measured by the Western Ontario Rotator Cuff (WORC) Index 6 months after surgery. The WORC index is a disease-specific shoulder questionnaire, originally developed at the University of Western Ontario and has been validated in Dutch.[@R26] The SE of measurement for the WORC is 6.0 points.[@R26] For this study, a difference of more than 10 points in WORC 0--100 score between groups is considered clinically relevant.

### Secondary outcomes {#s2-7-2}

The secondary outcomes are:

-   Difference in:

    -   Quality-of-life, measured by EuroQol 5 Dimension 5 Level(EQ-5D-5L) questionnaire.[@R27]

    -   Presence of anxiety and depression, measured by Hospital Anxiety and Depression Scale.[@R28]

    -   Pain Catastrophyzing Scale.[@R29]

    -   Pain during rest and during activity, measured on an 11-point Numeric Rating Scale.

    -   Subjective shoulder value.

    -   Function short term (≤6 months) and long term (\>6 months to 1 year), measured by the Constant-Murley score and glenohumeral range of motion.

-   Re-tear rate at 6 months determined by ultrasound in the repair group. Recurrent tears were defined as a distinct hypoechoic or mixed hyperechoic and hypoechoic defect in both transverse and longitudinal planes or when compression on the deltoid muscle with the probe could separate the torn tendon ends.[@R30]

-   Cost effectiveness measured by Treatment Inventory of Costs in Patients (TiC-P part II).[@R31]

-   Relation between participants functional change, their expectation and their satisfaction of treatment.

-   Complication rate and adverse events.

-   Interobserver and intraobserver reliability on reparability of stage 2--3 fatty degenerative rotator cuff tears among orthopaedic shoulder surgeons.

-   Histological assessment of residual tissue derived from the rotator cuff tendons, biceps tendon and footprint (only in the main centre). The histological findings will among others be used for classifying rotator cuff tears in combination with imaging and perioperative findings.

At baseline a radiograph in antero-posterior and outlet view will be made. The presence of calcifications, stage of arthropathy, presence of arthrosis in the acromioclavicular joint, type acromion and AHI are scored.[@R9] All MRIs will be systematically checked on the location of the tear in the sagittal plane, the amount of retraction of the supraspinatus tendon in the coronal plane, the amount of atrophy, pathology of the biceps tendon, acromio-humeral distance and presence of acromioclavicular arthrosis.[@R5] All data management will be recorded online, unless patients are unable or unwilling to complete the questionnaires online. In that case, patients are asked to complete the questionnaires on paper.

Sample size {#s2-8}
-----------

Sample size calculations (continuous outcome non-inferiority trial) were performed using sealed envelope.[@R34] The sample size was based on a power of 80%, an alpha of 0.05, an SD of 25 points and a non-inferiority limit (d) of 10 points on the mean WORC (0--100) index. This data was obtained from previous studies using the WORC index.[@R26] We calculated that with 10% loss to follow-up, 86 patients were needed per group. This corresponds with a total of 172 patients that need to be included. Patients in both groups will be excluded per-operatively, when a cuff repair seems technically not possible, partial repair is performed or the biceps tendon is unimpaired. These patients will be monitored according to this protocol, however, these patients do not count towards the total number of patients. Inclusion finishes when both groups consist of 86 eligible patients.

Data analysis {#s2-9}
-------------

All statistical analysis will be performed using SPSS version 24.0 or newer (SPSS). The Kolmogorov-Smirnov test will be used to determine whether continuous variables are normally distributed. Skewed data will be presented as median (range), normally distributed data will be presented as means (SD). For all analyses, a two-tailed value of p≤0.05 is considered to be significant.

To study the effect of the surgical interventions, the values from the baseline, and all follow-up moments in the tenotomy group will be compared with the effect in the group undergoing an additional cuff repair. To investigate the effect of the two surgical interventions, generalised estimating equations (GEE) for longitudinal analysis will be used. This method takes into account the dependency of observations within a patient and the fact that not all patients may be assessed at each time point (missing data). In the primary GEE model, the outcome variable studied (eg, WORC index) will be analysed as a dependent variable, using treatment allocation (1, tenotomy; 0, tenotomy combined with cuff repair) and time as independent variables. In the secondary GEE model, the outcome variables studied (eg, Constant-Murley score, glenohumeral range of motion, pain score, ultrasound outcome (healed or non-healed cuff repair), EQ-5D-5L, patient's expectation and satisfaction and adverse events) will be analysed in a similar way. To evaluate whether the two groups differed in change over time, the interaction term of group and time (group \* time) will be assessed. All models will be corrected for hospital of inclusion.

Both intention-to-treat and per-protocol analysis will be performed. The intention-to-treat approach will be the main analysis and provides unbiased comparisons among the treatment groups (avoid the effects of crossover and dropout, which may break the random assignment to the treatment groups). Patients who are excluded perioperatively will be excluded and replaced to prevent the risk of bias in allocation concealment.

Cohen\'s weighted kappa (κ; ordinal categories) will be used to calculate interobserver and intraobserver agreement of the two raters of the MRI based variables (stage Goutallier fatty infiltration, tear size (Thomazeau A--E), retraction (Thomazeau 1--4), atrophy (Thomazeau 1--3), pathology of the biceps tendon (Chen 1--6), acromio-humeral distance and presence of acromioclavicular arthrosis. A kappa of 0 represents agreement equivalent with random change alone, whereas a kappa of 1 represents perfect agreement.

Using the histological assessment, imaging and perioperative findings, the rotator cuff tears will be classified. The impact of this classification, the MRI based variables and other patient-related variables (eg, gender, age) as prognostic factors on the dependent variables WORC, Constant-Murley score and pain will be evaluated using regression analysis.

Cost-effectiveness analysis {#s2-10}
---------------------------

The cost-effectiveness analysis will be conducted from a societal perspective. To establish the costs, relevant cost items are identified, after which these costs are measured and valued. These relevant cost items are: the total surgery time, use of surgical devices (eg, anchors, cannula's, sutures) and length of stay in the hospital. In addition, medication use, physiotherapy, general practitioner care, costs of visits to other primary care providers, ambulatory and inpatient hospital care are taken into account. By dividing the difference in mean total costs between the groups by the difference in mean effects the incremental cost-effectiveness ratios will be calculated. The time horizon of the economic evaluation is 12 months. Utility values will be calculated for the health states of the EQ-5D-5L based on the Dutch tariff for the EuroQol.[@R27] The utility values will be used to compute quality-adjusted life-years (QALY-EQ-5D-5L) by means of the area under the curve method. TiC-P part II is used to measure costs and consequences of productivity losses (indirect costs).[@R31] It has four modules: absenteeism from paid work, production losses without absenteeism from paid work, unpaid work and nuisance in paid and unpaid work and contains of 11 questions. A 'budget impact analysis' will be performed from societal, government and insurer perspective. Resource utilisation is calculated by multiplying the number of eligible patients with the resource utilisation rates obtained from the cost-effectiveness analysis.[@R38]

We expect that for all relevant cost categories the costs of an isolated biceps tenotomy are lower than those of the biceps tenotomy with cuff repair. We expect that direct healthcare related costs are lower, because surgery for patients undergoing an isolated biceps tenotomy will be shorter and less surgical instruments and materials are needed. We expect that direct non-healthcare related costs are lower, because we hypothesise that the complication rate is lower, which leads to fewer hospital visits and thus less travel time. We expect that indirect healthcare related costs are absent, because both biceps tenotomy treatments do not affect life expectancy. We expect that indirect non-healthcare related costs are lower, because patients undergoing an isolated biceps tenotomy treatment resume work much faster, which leads to lower productivity losses. We expect that an isolated biceps tenotomy treatment leads to increased patient utility.

Handling and storage of data {#s2-11}
----------------------------

Data will be collected using a web based electronic data collection system (REDCap). REDCap has been designed to ensure the security of patient health information and allows for direct entry by the subject, investigator and study coordinator.[@R25] Precautions are in place to secure the data and prevent unauthorised access, use, and information disclosure, including use of web-based passwords and encryption. All subject data will be anonymised by assigning study numbers to each subject. The key to these study numbers is only available to the coordinating investigator and the principal investigators. Outcome data, anonymised, is only accessible for the coordinating investigator, principal investigators and statistical analysers. Data will be processed and stored in SPSS which will be password protected. The handling of personal data will comply with the General Data Protection Regulation. Data will be collected and stored for a period of 15 years. Signed informed consent documents, paper copies with patient names and unique identifiers as well as paper questionnaires will be stored at the centre of inclusion. Documents will be maintained in a locked cabinet outside the medical record area. Digital data will be maintained on password protected, secure computers.

Ethics and dissemination {#s3}
========================

The results of this study will be reported in peer-reviewed journals and at (inter)national conferences. Furthermore, we will share our findings with the appropriate guideline committees.

Patient and public involvement {#s4}
==============================

This study has been developed because we noticed that patients experienced the rehabilitation after cuff repair as difficult and they struggle with the fact that rehabilitation takes so long. As we read in literature and experienced excellent results of the isolated tenotomy of the biceps tendon in the same patient group, we decided to start this clinical trial. With the exception of the emergence of the research question, patients were not involved in the design or set-up of the study. The burden of the study was not assessed before commencement. After finishing the study, patients will be informed about the general results of the study using a pamphlet.
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